Objectives: Patients in underdeveloped countries may be left behind by advances in telehealthcare.
Introduction

S
ixty percent of all deaths worldwide are due to chronic diseases, and 80% of those deaths occur in low-to middleincome countries. [1] [2] [3] According to the World Health
Organization, 2010 marks a turning point in which cardiovascular diseases will become the leading cause of death in the developing world. 2 Diabetes alone represents an international public health crisis, with a global prevalence in 2030 of 439 million people compared to 285 million people today. 4 Latin America faces all of the challenges that make this epidemic of chronic disease difficult, including social strains from high unemployment, inadequate public health infrastructures, and low levels of community awareness. 5 A report from the Inter-American Development Bank 6 found that most Central and South-American countries allocate fewer resources to healthcare than required and are not using those resources effectively, typically spending only $500 per person per year and relying heavily on out-of-pocket payments. An aging population, migration to urban centers, and the ubiquitous presence of fast food all have caused chronic cardiovascular disease rates to skyrocket. Over the next 10 years, deaths from chronic diseases will increase by 17%, with diabetes rates increasing by 80%. 4, 7 Ongoing, proactive monitoring and self-management support are essential for effective chronic illness care. 8, 9 Unfortunately, most health systems in the United States still have not found ways to provide those services given resource constraints, and access barriers are far worse in less developed countries. Patient-centered information technologies represent a potential tool for increasing both the quality and quantity of chronic disease management support in the developing world. [10] [11] [12] [13] [14] Mobile telephone technology holds particular promise for bringing health assessment, education, and other services to patients between in-person encounters. 15, 16 Overall, mobile phone penetration in Latin America and the Caribbean is close to 80%, markedly higher than the world average of 58%. Nearly half a billion people in the region (including 360 million living on less than $300 per month) have cell phones, and that number is growing rapidly. 17 In Colombia, 85% of all citizens have a cell phone, with an absolute increase from 2 million users in 1999 to 42 million 10 years later. 18 In other Latin American countries, there are now more telephones than residents. 19 Mobile healthcare interventions are particularly attractive in Latin America because in many areas a person can receive a mobile phone call without a monthly subscription to a calling plan or paying any minute charges. As a result, patients have less financial disincentive to respond to health outreach calls than patients in the United States. The potential of mobile healthcare in Latin American has been recognized by national governments, large private funders driving social policy such as the Bill and Melinda Gates Foundation, and international groups such as the World Health Organization. 14, 20 However, a recent survey of decision makers across Latin America found that most felt that program development in this area was inadequate. 21 The Inter-American Development Bank (the largest lender in the region) recently launched the ''Mobile Citizen'' program, which is designed to spur innovation in new uses of these technologies, by bringing together leaders in the region with international experts and potential sources of technical assistance and sustainable funding. 6 Despite these trends, an emphasis on mobile health technology could leave behind some of the most vulnerable patients. In particular, communities with a high prevalence of chronic diseases, low levels of educational attainment, and high unemployment may have significantly lower telephone penetration rates. [22] [23] [24] [25] However, the receptivity of patients in less developed countries to this technology is unknown. Between June and August 2009, we surveyed a large sample of chronically ill adults within two primary care centers of North Central Honduras. One of the goals of that survey was to identify the potential feasibility of mobile healthcare programs for chronic disease management. Patients reported their access to mobile communication tools such as cell phones and text messaging, as well as their willingness to participate in various forms of telehealth support for chronic disease management that would take advantage of automated patient calls. Here, we report the results of that survey overall, and describe variation in the potential viability of telehealth services cross subgroups defined by patients' sociodemographic and clinical characteristics.
Methods
RECRUITMENT
The study was a cross-sectional survey of an outpatient population with chronic illnesses. Participants were identified at the time of a primary care visit to one of two primary care centers in Santa Cruz de Yojoa, Honduras; additional participants living in the immediate area were surveyed in their homes. To be eligible, respondents had to be greater than 18 years of age and report that they had been told by a doctor that they had one of the following chronic health problems: cardiovascular disease (either a prior infarction or heart disease), cancer, pulmonary disease (bronchitis or asthma), hypertension, high cholesterol, diabetes, liver disease, HIV, tuberculosis, depression, or arthritis. All respondents completed a written informed consent. The study was approved by a university human subjects committee as well as the Honduran medical centers' leadership.
MEASURES
The survey was developed in English and then translated and back translated to Spanish using multiple bilingual staff (both native Spanish speakers and native English speakers). Respondents reported their age, gender, and educational attainment using categories developed for a prior survey of chronically ill patients in Honduras. 26 Questions about patients' access to cell phones, landline phones, voicemail, and text messaging were developed specifically for this study. Respondents also were asked: ''Would you be willing to receive telephone messages previously recorded by a clinician to . . . '' as a prompt about the following services: ''remind you about upcoming appointments,'' ''give you advice about your use of medications,'' ''help your physicians monitor your symptoms,'' and ''give you information about your diseases and how you can manage your selfcare better.'' For the current study, we examined the number of respondents who answered ''yes,'' who would be willing to participate in each service type, versus those who responded either ''no'' or ''unsure.' ' Additional questions asked about transportation problems and cost-related barriers to care. To measure transportation barriers, patients were first asked how long they had to travel to reach their usual source of outpatient care. For analyses presented here, we created a binary indicator of whether patients traveled more than an hour to reach the clinic (yes vs. no). Patients also were asked: ''In the past year did you ever cancel a clinic appointment because you did not have transportation'' (yes vs. no). To measure cost-related access barriers, patients were asked: ''In the past year, did you ever avoid visiting a hospital or clinic because you were worried about the cost?'' ''Did you avoid buying medication that you needed because you were worried about the cost?'' And ''Did you ever take less medication than you were prescribed because of the cost?'' Patients who responded affirmatively to either of the two medication cost questions were considered to have medication cost barriers.
ANALYSIS
Initial analyses used chi-square statistics to examine bivariate differences across genders and levels of educational attainment in respondents' other sociodemographic and clinical characteristics. We then examined variation across sociodemographic and clinical groups in the proportion of respondents with access to various telecommunication technologies and their willingness to receive telephone-based support for their disease management. Finally, we used multivariate logistic models to identify the independent correlates of participants' willingness to participate in automated telephone support for disease management. Each multivariate model included as covariates those factors found to be at least marginally associated ( p < 0.10) in bivariate analysis with patients' willingness to participate in that service.
Results
RESPONDENT CHARACTERISTICS
A total of 624 patients completed the survey. Overall, 61% of respondents were women, 21% had no more than a primary school education (mean 4.8 years), and 65% were unemployed ( Table 1) . The average age of respondents was 51.2 years, with 24% age 60 or older, and 18% over age 70. On average, participants reported 2.3 chronic health problems, including diabetes (23%), pulmonary disease (24%), hypertension (32%), depression (23%), arthritis (21%), and cardiovascular disease (11%). Patients with pulmonary disease, hypertension, depression, and arthritis were more likely to be women and to have less formal education (all p < 0.05).
TELEPHONE ACCESS
Despite their generally low incomes and limited educational attainment, most respondents had access to mobile technologies ( Table 2) . Overall, 78.2% of all respondents reported having a cell phone, 27.2% reported having a landline, and 83.8% reported having one or the other phone types. The majority of all respondents reported having access to voicemail (60.5%) and text messaging services (58%). Among respondents with a cell phone, 82% reported that their phone was in service all or most of the time.
Telephone access was more common among individuals under age 70, although there was little variation across age groups below that cutoff. Seventy-nine percent of respondents between the ages of 61 b Significant differences in the distribution across education levels ( p < 0.05).
CRN, cost-related nonadherence.
Note: Cell entries are row percentages. and 70 reported having a cell phone, and the majority of this group also reported voicemail and text messaging services. Cell phone services were common across groups defined by patients' educational attainment and employment status ( Table 2 and Fig. 1 ). However, cell phone features such as voicemail and text messaging were reported by less than half of respondents with at most a primary school education. Unemployed respondents were less likely to have telephone access, although even in this group >81% still reported having either a cell phone or landline. Telephone access varied across groups defined by respondents' chronic diseases and access to care. Patients were less likely to have a cell phone if they had pulmonary disease or arthritis. Patients who reported having to cancel an outpatient appointment due to transportation problems were more likely than other patients to report access to voicemail (69% vs. 49%) and text messaging (63% vs. 54%; both p < 0.05). Patients who reported underuse of Significant differences in the number of patients with any phone ( p < 0.05). c Significant differences in the number of patients with voicemail ( p < 0.05). 
POTENTIAL FOR MOBILE HEALTH IN HONDURAS
WILLINGNESS TO PARTICIPATION IN AUTOMATED TELEPHONE MESSAGING AS PART OF A SELF-MANAGEMENT SUPPORT PROGRAM
In general, the majority of respondents were willing to use automated messages as part of a telehealth service designed to improve their chronic illness care ( Table 3 and Fig. 2) . Eighty-eight percent of respondents reported that they would be willing to receive automated telephone reminders about upcoming appointments, 83.2% were willing to receive information about medication adherence, 79.5% were willing to receive automated health status monitoring for their symptoms and self-care needs, and 81.1% were willing to participate in automated self-management education.
With a few exceptions, there was little variation in respondents' interest in these services across ages, genders, or other sociodemographic or clinical subgroups. Patients with pulmonary disease were somewhat less likely to report a willingness to participate in automated telephone self-care education, whereas patients with hypertension were more interested than other patients in receiving appointment reminders, adherence support, health status monitoring, and self-care information via automated calls.
Patients who reported transportation and cost barriers to care were consistently more likely to report a willingness to participate in telehealthcare. For example, compared to patients who had not had to cancel a medical appointment in the prior year due to a transportation b Significant differences in the number of patients willing to participate in ATC adherence support ( p < 0.05).
c Significant differences in the number of patients willing to participate in ATC health monitoring ( p < 0.05).
d Significant differences in the number of patients willing to participate in ATC self-care education ( p < 0.05).
ATC, automated telephone calls.
Note: Cell entries are row percentages.
problem, those who had cancelled an appointment were more likely to report a willingness to participate in automated appointment reminders (91% vs. 82%), medication adherence reminders (91% vs. 78%), health status monitoring (88% vs. 73%), and self-management support (89% vs. 75%; all p < 0.05). A similar pattern was observed with respect to groups that did and did not report cost-related medication underuse or failure to seek care due to a cost concern.
In multivariate analyses, we identified a number of independent correlates of patients' willingness to participate in chronic illness self-management support using automated telephone calls ( Table 4) . Employed participants were significantly more likely than unemployed participants to report a willingness to use automated telephone appointment reminders, and patients with hypertension were more likely to report a willingness to receive both these messages as well as automated telephonic adherence support. Patients reporting that they had missed an appointment in the prior year due to a transportation problem were significantly more likely to report a willingness to participate in automated assistance with adherence, health monitoring, and self-care. Controlling for covariates, patients who reported taking less medication than prescribed due to cost pressures were more likely to report a willingness to participate in appointment reminders, adherence support, and education about their disease self-management.
Discussion
A recent article in a national newspaper in Guatemala reported that the number of cell phone users within that country increased in 2009 by 15% or 2.35 million subscribers (Prensa Libre, March 16, 2010) . Those data are consistent with other reports that mobile technology is diffusing rapidly in Latin America, 17 and the current study demonstrates that even in a low-income area of Honduras-an area in which less than 30% of the population reported mobile phones as recently as 2005-the majority of chronically ill adults now have cell phones that include text messaging and voicemail. We found that mobile technology was common across socioeconomic strata, including among older patients, patients with at most a primary school education, patients who were unemployed, and patients with a wide variety of chronic health problems. We also found that the majority of patients in Honduras were willing to participate in various forms of pro-active outreach designed to improve their illness self-care via automated telephone messaging. Several review articles have concluded that proactive telehealthcare is an important component of chronic disease management. [27] [28] [29] However, between-visit telephone support by clinicians tends to be costly, taking a significant amount of staff time. Automated calling systems are one strategy for increasing the efficiency of between-visit telephone support, and studies conducted in the United States suggest that automated calls can be used to gather reliable data on patients' clinical status, as well as to improve chronic disease outcomes such as patients' self-care or physiologic control. 22, 30, 31 We found important differences in patients' willingness to participate in automated telehealth services according to indicators of their access to care. In particular, patients who reported having to cancel appointments because of transportation problems and those who reported having to forego treatment due to cost were especially interested in receiving telehealthcare. Telehealth would clearly be a promising strategy for bringing self-care support to patients with complex chronic conditions who have difficulty attending faceto-face appointments. Further research is needed to understand why patients reporting cost-related medication underuse might be more accepting of telehealth, and how such services might improve their adherence.
It is unclear why patients with pulmonary diseases were less likely to have telephone access than patients without those conditions. We do know that pulmonary patients were significantly more likely to be women and to have at most a primary school education. Each of these factors was associated with patients' employment status (e.g., only 29% of employed respondents were women compared to 78% of unemployed respondents). It may well be that patients with pulmonary diseases were less likely to report access to telephones because they are relatively disadvantaged socioeconomically and lack the resources to purchase phones, share a phone with a male partner working outside of the household, or have less resources at their disposal to purchase calling cards. Pulmonary patients may have been less likely to express interest in automated telephone self-care education either because of their more limited telephone access or because they view their condition as more intermittent, less controllable, and therefore less important for ongoing proactive disease care. These findings highlight the importance of mixed methods research, including qualitative interviews, to truly understand causal processes when developing telemedicine interventions for unfamiliar environments such as this community in Honduras.
Very few other reports have documented the feasibility of telehealth services in Latin America. One report from Colombia found that the vast majority of physicians in that country have Internet access, and that 80% were interested in cell-phone-based selfmanagement support. 20 Two other studies found high acceptance Fig. 2 . Proportion of respondents interested in receiving automated telephone self-care education, by age and perceived health status.
rates, including patients' willingness to participate in mental health counseling via telephone. 14, 32 Unpublished results from a recent telehealth satisfaction survey in Colombia show that 73% of patients considered teleconsultation at least equally effective or more effective compared to a face-to-face medical consultation, and 80% were satisfied with this alternative to in-person visits. The current study adds to the growing evidence suggesting that a greater investment in telehealth programs would be both feasible, well-received by patients, and a potentially valuable approach to increasing access and effectiveness of chronic illness care. Although this is one of the first large studies of its kind, it is important to recognize that the sample was not designed to be representative of all chronically ill adults, either in Honduras or in the larger region. Given that almost all Honduran patients have to pay out-of-pocket for health services and the very high rates of costrelated service underuse we observed, we expect that patients with less serious health problems (and potentially more effective disease self-management) were under-represented. Also, patients were asked to report on their hypothetical willingness to participate in automated telephone disease management. Actual program participation rates-both initial recruitment for such programs as well as longterm adherence-would likely depend on factors such as the userfriendliness of the system and patients' perception of benefit. Given the high degree of cost sensitivity we observed, clinics and health systems should consider alternative ways of funding such programs, rather than through patient charges.
In conclusion, we found that the majority of chronically ill patients in rural Honduras-including patients who are unemployed, are elderly, and have limited educational attainment-have access to cell phones, which could be used to connect patients with their healthcare team between face-to-face encounters. Most patients were willing to participate in automated telephone messaging that supports a variety of the core features of chronic illness care management, including visit reminders, promotion of medication adherence, health status monitoring, and self-care education. Interest in automated telephone care was particularly great among patients with transportation problems or financial barriers to medication use. Efforts within and across countries should explore ways to effectively build on what is known regarding the design of telehealth programs, taking advantage of the explosion of cell phone access in less developed countries and bringing disease management services to patients with significant barriers to access.
